Requirement of a neural tube signal for the differentiation of neural crest cells into dorsal root ganglia.
The influence of the neural tube on early development of neural crest cells into sensory ganglia was studied in the chick embryo. Silastic membranes were implanted between the neural tube and the somites in 30-somite-stage embryos at the level of somites 21-24, thus separating the early migrated population of neural crest cells from the neural tube. Neural crest cells and peripheral ganglia were visualized by immunofluorescence using the HNK-1 monoclonal antibody and several histochemical techniques. Separation of crest cells from the neural tube caused the selective death of the neural crest cells from which dorsal root ganglia (DRG) would have developed. Complete disappearance of HNK-1 positive cells was evident already 10 hr after silastic implantation, before early differentiation sensory neurons could have reached their peripheral targets. In older embryos, DRG were absent at the level of implantation. In contrast, the development of ventral roots, sympathetic ganglia and adrenal gland was normal, and so was somitic differentiation into cartilage and muscle, while morphogenesis of the vertebrae was perturbed. To overcome the experimentally induced crest cell death, the silastic membranes were impregnated with a 3-day-old embryonic chick neural tube extract. Under these conditions, crest cells which were separated from the tube survived for a period of 30 hr after operation, compared to less than 10 hr in respective controls. The extract of another tissue, the liver, did not protract survival of DRG progenitor cells. Among the cells which survived with neural tube extract, some even succeeded in extending neurites; nevertheless, in absence of normal connections with the central nervous system (CNS) they finally died. Treatment of silastic implanted embryos with nerve growth factor (NGF) did not prevent the experimentally induced crest cell death. These results demonstrate that DRG develop from a population of neural crest cells which depends for its survival and probably for its differentiation upon a signal arising from the CNS, needed as early as the first hours after initiation of migration. Recovery experiments suggest that the subpopulation of crest cells which will develop along the sensory pathway probably depends for its survival and/or differentiation upon a factor contained in the neural tube, which is different from NGF.